Milk pasteurization eliminates vegetative pathogenic microorganisms and reduces microorganisms associated with spoilage. Camel milk is a well-accepted, traditionally consumed food in Arab countries. The present study aimed to investigate the microflora of pasteurized camel milk sold in Riyadh City, Saudi Arabia. The heat resistance of the microflora was tested in culture medium and lab-sterilized milk, and its composition was verified by multiplex polymerase chain reaction (PCR) using specific primers. Further verification was performed by using separate specific primers. The identified strain survived heat treatment at 65, 72, 80, 85, and 90 • C for 30, 15, 10, 5, and 2 min, respectively. An unanticipated result was obtained when an enterotoxin producing strain of Staphylococcus aureus showed abnormal resistance to heat treatment. The enterotoxin gene within the PCR fragment was identified as enterotoxin C by DNA sequencing. During Basic Local Alignment Search Tool (BLAST) analysis, the isolated enterotoxin C genes showed >99% similarity to published database sequences of the Staphylococcus aureus strain SAI48 staphylococcal enterotoxin C variant v4 (sec) gene. The decimal reduction value (D-value) at 90 • C (D 90 ) was determined after 10 s. This is the first time to report this abnormally heat resistant and enterotoxin-producing strain of Staphylococcus aureus. The use of ultra-high temperatures (UHTs) is preferable for reducing or killing bacteria in camel milk, especially if this problem is encountered in many camel milk factories.
Introduction
Toxin producing strains of Staphylococcus aureus can cause diseases in humans and animals. Their pathogenicity is attributable to toxin production and the antibiotic-resistant nature of these strains [1] . Furthermore, S. aureus strains that are foodborne pathogens are referred to as toxin producing strains [2] . The enterotoxins produced by S. aureus (SEs) have been classified into five types based on serology, including sea, seb, sec, sed, and see [1] . Approximately 16 new types of SEs (seg, seh, sei, ser, ses, and set) and SELS (selj, selk, sell, selm, seln, selo, selp, selq, selu, and selv) have been described [1] .
The genes for staphylococcal enterotoxins A (sea) and E (see) are carried by a temperate bacteriophage [3] [4] [5] . Enterotoxins B (seb) and C (sec), as well as toxic shock syndrome toxin 1 (TSST-1), are located on the chromosome [5, 6] , while enterotoxins D (sed) and J (sej) are carried by plasmids [5] . with a rough, dry, or crystalline consistency were considered to be normal slime producers, whereas those producing smooth red and Bordeaux red-coloured colonies were classified as non-slime producers, as reported previously [15] .
Detection of Staphylococcal enterotoxin genes by PCR test
Total genomic DNA was isolated from the S. aureus isolates by using a commercial kit (AxyPrep™ Bacterial Genomic DNA Miniprep Kit, Cat. no. AP-MN-BT-GDNA 50; Axygen Scientific, Inc., U.S.A.) according to the supplier's instructions. Table 1 shows the primers that were used for the detection of the SEs genes. The PCR was carried out using 10 μl of 5× FIREPol ® Master Mix Ready to Load (with 12.5 mM MgCl 2 ; Solis BioDyne, Tartu, Estonia), 2 μl of primer mix (diluted from a 100 μM stock of each primer), 5 μl of DNA template, and 33 μl of ultrapure water. The DNA amplification was performed in a MultiGene Thermal Cycler (Labnet International, Inc., Edison, NJ) under the following conditions: initial denaturation was carried out for 5 min at 95 • C, followed by 30 cycles of denaturation (94 • C for 1 min), annealing (50 • C for 1 min), elongation (72 • C for 1 min), and a final elongation (72 • C for 10 min 
Antimicrobial susceptibility testing
Freshly carried out antimicrobial susceptibility tests were compared between the standard S. aureus ATCC 29737 strain and the S. aureus enterotoxin C-producing strain. The tested bacterium was obtained from an overnight culture (inoculated from a single colony) in brain heart infusion broth (BHI; Oxoid, CM1135), which was plated on to Mueller-Hinton agar (Oxoid, CM405) using the agar disk diffusion method (CLSI, 2018) [17] . A total of 19 antibiotic discs (Oxoid, U.K.) containing the following components were prepared and tested against the bacteria: 75 μg 
D-value determination
The D-value, or decimal reduction value, is known as the time required to inactivate 90%, or 1 log, of the initial population at a given temperature. Solutions containing enterotoxin C-producing S. aureus and the standard S. aureus ATCC 29737 strain (control) were prepared for thermal destruction or inactivation trials. Active cultures were obtained by inoculating one colony of the S. aureus strains into BHI broth (Oxoid, CM1135) and allowing them to grow at 37 • C for 24 h. One millilitre of active 24 h culture was diluted into screw-top test tubes containing 9 ml of BHI medium (active cultures of S. aureus tend to clump; hence, the cells must be vortexed at maximum speed for 1 min prior to dilution in BHI medium). The tubes with diluted solutions (in duplicate) were exposed to heat in a water bath at 90 • C for 0, 10, 20, 30, 40, 50, and 60 s. After each heat treatment, the tube was quickly cooled down in an ice water bath for 20 s. For the enumeration of the surviving cells, serial dilutions were performed, and 1 ml of each sample was poured on to BHI agar and incubated at 37 • C for 24-48 h. The colony forming units per ml (CFU/ml) were recorded for every treatment. The optical densities of the diluted tubes were recorded after incubating at 37 • C for 24 h. The D-values were determined from the linear section of the survivor plots using linear regression analysis. D-values are reported in seconds and are defined as the time required to achieve a 1 log reduction in the bacterial population at a designated temperature. Before heat treatment, the number of cells in the inoculated medium ranged from 10 6 to 10 7 per ml.
Z-value determination
The Z-value is the temperature increase required to decrease the number of organisms by 1 log at a specified D-value. The Z-values were determined at different temperatures -65, 70, 75, 80, 85, 90, and 95 • C -and compared with the D-values; the Z-values were calculated using the formula Z = slope − 1 (the temperature change necessary to induce a 10-fold change in the D-value) [19] .
Results
The results, provided in Table 2 , showed that the Staphylococcus isolates were negative for catalase and positive for coagulase, while S. aureus ATCC 29737 was positive for both catalase and coagulase. Colonies of the Staphylococcus isolates were surrounded by clear zones on sheep blood agar, similar to that observed for the β-haemolysis of the reference S. aureus ATCC 29737 strain. After the mannitol was fermented in mannitol coagulase agar, the pH of the medium surrounding the coagulase positive colonies changed, and the Bromocresol Purple indicator turned yellow, presenting yellow zones around the colonies. An opaque area composed of coagulated plasma was found around the colonies of coagulase positive organisms. S. aureus ATCC 29737 and the Staphylococcus isolates fermented the mannitol in mannitol salt agar to produce yellow coloured colonies surrounded by yellow zones. Positive DNase activity on DNase agar was visualized as clear zones around the colonies when the plates were flooded with 1 N hydrochloric acid. The results, summarized in Table 2 , showed that the Staphylococcus isolates and the S. aureus ATCC 29737 strains were similar. The S. aureus ATCC 29737 strain and the S. aureus isolates were compared and analyzed by assays performed using the API STAPH system.
Detection of Staphylococcus enterotoxin genes by PCR
For the detection of toxin genes in the Staphylococcus strains, genomic DNA was extracted from all 21 isolates obtained from camel milk and from the S. aureus ATCC 29737 control strain. PCR was run using multiplex toxin gene primers (A, B, C, D, and E). As shown in Figure 1 , the band size observed in lanes 3, 8 and 15 corresponded to a sec gene of approximately 257 bp; the S. aureus ATCC 29737 sea gene was used as a positive control (lane 1). To verify that the bands that appeared were specific to toxin C, another PCR was run by using only toxin C primers (forward and reverse) and the PCR products from the three positive isolates (isolates 3, 4, and 8) under the same conditions in a thermocycler. The results, shown in Figure 2 , confirm that the PCR products were enterotoxin C because they were 257 bp in length.
S. aureus

Genotyping by direct DNA sequencing
Direct DNA sequencing of the S. aureus PCR amplicon using the sec F primer as the forward sequencing primer was used to obtain the unique hypervariable regions of the S. aureus strain. The submission of this 225-bp sequence to GenBank for BLAST alignment analysis returned a report that indicated that this sequence was located in a chromosomal region from position 619 to 672, which confirmed that this sequence had a unique 99% ID match with the sequence of the staphylococcal enterotoxin C variant v3 (sec) gene in S. aureus strain SAI3 (sequence ID: KX168614.1). Similarly, by using the sec R primer as the reverse sequencing primer, it was possible to obtain the unique hypervariable regions downstream of the sec F primer binding site in the S. aureus strain. The submission of this 229-bp sequence to GenBank for BLAST alignment analysis returned a report that indicated that this sequence was located in the chromosomal region between 595 and 782. This result confirmed that this sequence had a unique 99% ID match with the sequence of the staphylococcal enterotoxin C variant v3 (sec) gene in S. aureus strain SAI3 (Sequence ID: KX168615.1).
As shown in Figure 3 , slime production was not detected in the S. aureus enterotoxin C-producing strain, in contrast with the S. aureus ATCC 29737 strain. Although the S. aureus enterotoxin C-producing strain produced toxin C and was coagulase positive and blood haemolytic (β-haemolytic), we speculated that slime production may not be associated with the infectivity of this strain. Table 3 demonstrates the effect of antibiotics, which were tested against the S. aureus enterotoxin C-producing isolates; the effects were similar to those against S. aureus ATCC 29737. These results indicate that the S. aureus enterotoxin C-producing strain was appropriately identified by all tests and was detected by PCR; further, the strain may be sensitive to TIC 75, FOX 30, CFR 30, SXT 25, AMP 10, LZD 30, CIP 5, E 15, AMC 30 and C 30, resistant to CT 25, OB 5, TE 30, CT 10, B 10, PB 300, and intermediately sensitive to CIP 5, VA 300 and KF 30.
Antimicrobial susceptibility test
Thermal inactivation
The S. aureus enterotoxin C-producing strain and S. aureus ATCC 29737 were heat treated first at 65 • C for 30 min, then at 72 • C for 15 min, and finally at 85 • C for 10 min. After heat treatment, the strains were streaked on to BHI agar, and the plates were incubated at 37 • C for 48-72 h. Bacterial growth was noted after all three temperature treatments for both S. aureus ATCC 29737 and the S. aureus enterotoxin C-producing strain. As a result, the temperature treatments were increased to 90 • C for 0, 10, 20, 30, 40, 50, and 60 s to determine the D-value of the S. aureus enterotoxin C-producing strain, as shown in Figure 4 (Left). We found that the D 90
• C value ranged from 8 to 10 s. Additionally, the optical density was checked to determine the growth of the surviving bacteria in BHI broth after 24 h of incubation at 37 • C, as shown in Figure 4 (Right). The growth was reduced by increasing the time of exposure to heat at 90 • C; the OD values were 2.2, 2.1, 2.0, 2.0, 1.8, and 0.2 after 0, 10, 20, 30, 40, and 50 s, respectively.
The Z-value for the S. aureus enterotoxin C-producing strain ranged from 8 to 10 s at 65, 70, 75, 80, 85, 90, and 95 • C; thus, 10 s would be required to achieve a 1 log reduction at 90 • C, as shown in Figure 5 . For the most resistant strains, the Z-values are approximately 10 s, which has also been adopted as a standard Z-value. 35  12  25  20  20  35  15  25  12  20  7  15  17  25  30  15  12 
Discussion
Coagulase production was considered evidence that our isolates were toxin-producing organisms. These results corresponded to those obtained by Di Salvo (1958) [20], who confirmed that there is a correlation between coagulase activity and DNase activity because of the incorporation of DNA into the medium along with calcium chloride, which activates the enzyme. Our isolate was identified as S. aureus, and its identification ratio was 97% according to the Apiweb™ identification software. There are many virulence factors that increase the potential of disease development by S. aureus, some of which are described as toxins secreted by S. aureus that interfere directly with the host (Otto, 2014) [21] . Other authors, such as Christensen et al. (1982) [22] , Davenport et al. (1986) [23] , Kleeman et al. (1993) [24] , Ammendolia et al. (1999) [25] and Mack et al. (2000) [26] , mentioned that this virulence factor is associated with the production of slime by some strains of Staphylococcus. Slime production has been found in coagulase-negative Staphylococcus (CNS) in the form of a loosely bound exopolysaccharide capsule (slime layer), which has been associated with sepsis, including intravenous catheter-related bacteraemia and other prosthetic device infections [27] [28] [29] . Similarly, it was found that some strains of S. aureus contained bacterial capsules, which are closely associated with the bacterial cell wall. These strains may also contain an extracapsular and labile extrapolysaccharide structure [30] .
S. aureus ATCC 29737 was found to contain a sea gene of approximately 120 bp, and these data agreed with Han et al. (2016) [31] .
Slime production by S. aureus has been thought to be virulence factor. Recently, some authors reported a higher colonization capacity of S. aureus strains producing slime compared with their non-slime producing counterparts. Hence, slime producing S. aureus strains might play a role in the establishment of infection (Ammendolia et al. (1999) ) [25] . Some authors declared that the resistance to high concentrations of antibiotics might be greater in slime producing S. aureus strains compared with their non-slime producing counterparts [32] .
No difference was found between the two strains of S. aureus, which indicates that their behaviour towards antibiotics is not related to their enterotoxin genes but may be due to physiological or cytological changes. When used for the growth of injured S. aureus cells, liquid or solidified enrichment media, such as BHI agar, was more efficient than other complex or specific media, such as Baird-Parker agar, which might lead to a delay in growth. Similar milk containing components that are more nutritive would be conducive to the growth of S. aureus as the dominant microbe after heat treatment by pasteurization. S. aureus ATCC 29737 did not grow after any exposure time at 85 • C or 90 • C. The exposure time varies considerably among different strains of microorganisms and might be similar between the same genus and species, depending on the treatment utilized and the food contaminated. The heating environment and treatment of foods always differ according to the nature of their components. Heat pasteurization (63 • C and 72 • C for 30 min and 15 s, respectively) has always been used in the treatment of milk, while other heat treatments, such as boiling vegetables and fruits at 100 • C or boiling acidified foods for sterilization at 121 • C for 15-20 min, have also been used for sterilizing canned meat products and canned legumes. Additionally, exposing the same microorganism to different heat treatments might lead to the appearance of heat-resistant strains of S. aureus, such as the strain of S. aureus that was isolated from pasteurized camel milk in our study; hence, this brings our attention to the fact that the microbial contamination may have occurred after milk pasteurization, from the milk packaging, or during the pasteurization process, which was not efficient enough to destroy all contaminating milk microorganisms. The authors previously determined the D-values of S. aureus in prechilled storage conditions and in storage conditions without chilling and found that the D 50 , D 55 , and D 60 values ranged from 94.3 to 127.9 min, 13 to 21.7 min, and 4.8 to 6.5 min, respectively. The Z-value is defined as the temperature change necessary to bring about a ten-fold change in the D-value [33] . Kennedy et al. (2005) [33] found that Z-values of S. aureus ranged from 7.7 to 8.0 min at temperatures of 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, and 72 • C. These results suggested, for example, that approximately 24 s would be required to achieve a 1 log reduction at 70 • C.
In recent years, more attention has been paid to camel milk because it contains casein hydrolysates with high antioxidant activity, which can be used in the development of functional foods [34] . As a result, there has been a focus on thermal processing treatments that result in high quality milk free from contaminated or heat-resistant bacteria, while at the same time preserving its components. Camel milk is also used in different countries, and for example, it is used in many products in India; in India, thermally concentrated milk is used to make khoa, and it has been found that khoa prepared from camel milk has the highest moisture and ash contents and lower fat, protein and lactose contents compared with khoa prepared from cow and buffalo milk samples. The acidity, soluble nitrogen, free fatty acids, and peroxide values of the khoa prepared from camel milk were found to be higher than those found in khoa prepared from cow and buffalo milk [35] . In Saudi Arabia, fermented camel milk has shown potential health benefits and has antimicrobial effects against microorganisms such as Bacillus cereus, Salmonella typhimurium, and S. aureus, whereas unfermented camel milk exhibited no antimicrobial effects against any of the tested pathogens [36] .
Some authors have suggested the possibility of using pulsed UV-light treatment as an alternative method for complete inactivation of S. aureus in milk, which can be potentially adapted to a commercial setting for continuous milk pasteurization [37] . Others have suggested that the combined effects of inoculating milk with some of the tested bacteriocin-producing lactic acid bacteria (BP-LAB) and high-pressure treatments (HPT) of cheese were synergistic on S. aureus inactivation [38] . The combination of high-pressure processing and temperature change can reduce the amount of S. aureus by approximately 5 log units at 4 • C and approximately 8 log units at 50 • C [39] .
We can conclude that if the camel milk pasteurization process does not include increased use of disinfectants or sanitizers with continuous cleaning, then some strains of S. aureus with the highest heat resistance may grow on the pipes and trays used for milk treatment. The discovery and dispersal of a toxin-producing strain of S. aureus that is resistant to heat treatment at 90 • C poses a high risk to human health because most people who consume this kind of milk do not treat it with any additional heat, and the symptoms of food poisoning usually develop within 30 min to 8 h. The combination of mild heat treatments and high-pressure treatments may be alternative solutions to this problem.
